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TECHII’IWUNOTH3077
THEEFFECTOFDYNAMICLOADINGONTEESTRENGTH
OFAN INELASTICCOLUMN
ByWillismA.Brooks,Jr.,andThomasW.Wilder,III
ThemaximumloadsofidealizedinelasticH-sectioncolumnswhose
pinnedendsapproacheachotherat a constantratearepresented.The
solutionsindicatethatastherateofenddisplacementbecomesmaller
thedynamicbucklingsolutionsapproachthestaticsolutionasa lower
limit. Theeffectsofinertiaforcesareapparentlynegligibleatrates
ofenddisplacementcomparabletothosenormsllyusedin static olumn
testsl Forallratesofenddisplacementinvestigatedthestaticmaxi-
mumloadmaybe employedasa conservativeestimateofthemsxhum
columnload.
INTRODUCTION
.
r
OnlyInrecentyearshasthesolutiontotheproblemofthestat-
icallyloadedinelasticcolumnbeensufficientlydevelopedtoprovide
answersas satisfactoryaathosepredictedfromelastic-columntheory.
Shanley(ref.1) gavenewlifeto inelastic-colmmtheorybyindicating
thata columnmaystarttobendatthetangent-modulusoadandthat
thenuxdmumloadofa straightinelasticcolumnisalwayslessthanthe
reduced-modulusoadbutgreaterthanthetsmgent-mdul.usload.By
etiendingShanley’stheory,DubergandWilder(ref.2)foundthatthe
maximumloadcouldbe determinedmoredefinitelyandthatitdepended,
fora lsrgepart,ontheshapeofthestress-straincurve.Itwaslater
shown(ref.3) that the maximmloadofaninitiallycurvedinelastic
columnmsybe lessthanthetaagent-modul.usoad,andthatinitialout-
of-straightnessha a greatereffectonthemaximumloadofaninelastic
colunmthanonthatof anelasticolumn.
Whereasthebehaviorof columnsubjectedto staticloadingcondi-
tionsis comparativelywellknown,investigationsinvolvingthebehavior
ofdynamicallyoadedcolumnshavebeenMmitedin scopeandntier in
spiteofthefactthatmoststructuralloads,inparticularthemost
significantaircraftstructuralloads,sredynsmic.HoffandhiSasso-
ciates(refs.4 and5)treatedthecaseofsnelasticolumnwhoseends
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approacheachotherata constantrateandshowedthatforratesofend
displacementcomparabletothoseobtainedinstatic-testingmachines
thereisgoodagreementbetweenthemsximumloadandtheEulerload. It
wasalsoshuwnthatathigherratesthemaximumloadbecomesgreaterthan
theNer load. Theinelasticcolumnwasanalyzedinmuchthesameman-
nerby Chawla(ref.6),whofoundthatforrelativelyslowratesofend
displacementthemsximumcolumnloadwasmuchsmallerthanthetamgent-
modul.usload. Chawla’sresultsappearedlow;therefore,a staticsolu-
tionwasmadeby theauthorswhichrevealedthatthemaximumloadobtained
inreference6 wasnotonlylessthsnthetangent-modulusoadbutalso
lessthanthestaticmadmumload. Ifthissurprisingresultis correct,
theconseqwncesareindeedseriousbecauseitsindicationisthata
staticanslysiscouldnotbe usedto obtaina consemtiveestimateof
themaximumload.
ThepresentpapergivestheresultsofananaJysiswhichwasmade
to ascertainwhethersomeparticularcombinationfthefactorswhich
influencethestrengthofinelasticcolumnswouldcausethestrengthof
thecolumntobe lesswhenrapidlyloadedthanwhenslowlyloaded.The
onlymannerofloadingwhichis consideredisthatwhichcausesthe
pinnedendsofthecolmntobe axiallydisplacedwitha constantveloc-
ity. Thefactorsconsideredmost~ortant forthestudyaretheini-
tialout-of-straightness,theshapeofthestress-straincurve,the
slendernessratioofthecolumn,andtherateatwtichthee@ ofthe
columnaredisplaced.Theparameterswhichdescribethesefactorsare
variedtoyieldnumerousolutionswhichshowtheinfluenceofeach
factoronthestrengthofthecolmn.
.
ThecolumnusedinthesmalysisistheideakizedH-sectioncolumn.
Theanalyticalexpressionusedforthestress-straincurvesisthat
proposedbyRambergandOsgood(ref.7) andisassmnedtobe unaffected
by therateofloading.
SYMBOLS
A
b
d
do
cross-sectionalaxeaofcolumn
columnthickness(seefig.1)
totallateraldeflectionof columnatmidheightsfter
loading
initialateraldeflectionof columnatmidheight
beforeloading
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P
a
q
~T
dimensionlessinitialateraldeflectionof columnat
midheightbeforeloading,2~/b
Young’smodulus
secantmodulus
Mmensionlesstotallateraldeflectionof columnat
midheightafterloading,2d/b
colmnnlength
masspertit volumeof columnmaterial
R~berg-Osgoodstress-strain-curveshapeparameter
(seeref.7)
lateralinertiaforce
tzbne
velocityatwhichthe
longitudinaldistance
pertit length
endsofthecolumnaredisplaced
measuredfromendof column
totallateraldeflectionofcolumn
initialateraldeflectionofcolumn
strain
elasticstraincorresponding
elasticstrti corresponding
to stress
‘1
toNer stress, /~2p2L2
dummyvemiableofintegration
rtius ofgyration,b/2
stress
0.7Esecantyieldstress
cross-sectionalstresscorrespondingto tsngent-
modul.usload
.. —-- ..—— ..——_- _.—— .-— —— —-——..——
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F averagecross-sectionalstressofcolumn
T dimensionlessthe parsmeter,vt/L~l
m firstnaturalcircularfrequencyintransverseb nding
Q () 2-c bucklingindex, —/av LCE
Subscripts:
L left(concave)flsmge
R right(convex)flange
max
rev correspondingtothestrainatwhichreversaloccurs
Dotsindicatedifferentiationwithrespectotime t;primes
indicatedifferentiationwithrespecto dhensionlesstime T.
THEORY
Theidealizedpin-endedcolumn(fig.1) treatedinthepresent “
paperconsistsoftwothinflangesofequalsxeaseparatedby a webof
infiniteshearstiffnessandofnegUgiblearea. Inasmuchastheveloc-
ityofcompression-wavepropagationislargecmpsredwithboththerate
ofenddisplacementandtherateoftheresultinglateraldeflection,a
stateofuniformaverageccmrpressionsassmnedto existslongthelength
ofthecolumn.
Theinitialconditionsattimezeroare
Y=YO
j.()
y=o 1
IfD’Alembert’sprincipleisappliedto
showninfigure1,thefollowingequllibrim
by sunmingthemcmentsaboutthepin:
(1)
theportionofthecolumn
equationcanbe obtained
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Thisequtionrelatesthefls.nge
deflectiony. Anotherelation
tioncanbe obtainedthroughthe
thematerialin conjunctionwith
stresses~’ and ~’ tothelateral
betweenthestressesandlateraldeflec-
useofthestress-strainrelationof
thesatisfactionf compatibilitybetween
theflangestrainsandthelateraldeflection.
Inthepresentpaperthestress-straincurveisassmedtobe rep-
resentedby theRamberg-Osgoodequation:
E ()ZCP—=El qQ+y= (3)
Thiseqmtionisusedwhenthematerialisloading.Unloadlng(strain
reversal)whichmayoccurintheconvexflangeisassumedto takeplace
where Urev isthestresscorrespondingtothe
occurs.
Satisfactionf compatibilityreqplresthat
(4)
b ‘2(y‘ye)
~’=~-~
&
.E+:d2(Y-Yo)
~’ dx?
1
strtiatwhichreversal
where,by virtueoftheassumptionofumiformaverage
averagestrainF isrelatedtotheenddisplacement
(5)
compression,the
asfollows:
..— .—
— .——— -. — —.
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By assumingtheinitislout-of-straightnesstobe
andthetotaldeflectiontobe
y=dsin~
(6)
(7)
(8)
andby satisfyingequilibriumonlyatmidheight(x= L/2),equation(2)
becomes
Whenequations(6),(7),and(8)areused,thestrains(5)become
(9)
(lo)
.
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Ebrploymentoftherelations
d
e=2f
reducesequations(9)and(10)to
~2f=— [aL(f- 1)+ uR(f-1-132L%
and
~L=;
-*EE f2 - ‘2)+ ~E(f- ‘)(
~R=:- ($ ‘E‘2 - e2)- eE(f- e) 1
7
(n)
Thedifferentialequation(n) canbemadeUmensionlessbyusing
therelation
andtheparameter
(13)
(14)
—--..— .—. . —-
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A valueof T equaltounitycorrespondsto anenddisplacementsuf-
.
ficientoproducea strainof Cl in a straightcolmn. Eqution(1.1)
thusbecomes
2 ES13f“==-#In [ 1~(f-l)+~(f+l) (15)
the
Equations(12)aremadeMmensionlessby dividingbothsidesof
equationsby c1 andusingequation(14):
Thetermbeforethebracketsof
Y&&
2+%=
(16a)e2)+ ~(f - e)
,2)- ~(f . e) (16b)
eqyation(15)maybewrittenas
(17)
.
where,by definition,
(18)
Intheexpressionfor 0,thequtity u isthefirstnaturalcircular
freqwncyintransverseb nding.Thedifferentid.eqmtion(15)maynow
be rewritten:
Q
[
a(f - 11)+$(f + 1)f“= 2(GE/E1)3‘1 (19) .
.
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Simultaneoussolutionofequations(3)(or(3)and (k)), (16),
and (19) yieldsthedesiredlateraldeflection.
An additionaleqwtionwhichprovesusefulina numericalsolution
is obtainedby usingtherelation
(20)
andcombiningequations(16)and(19)toproduce
r
[[
EsL
f“=~— ( )+$(f-e](f -1)+leEf2-e22~E/~~)3 E ‘-Fq
[
‘% ~ 1 ‘E(f2- e2)
T -F= 1}-~(f-e)(f+l) (a)
A numericalsolutionoftheproblemis describedin detailinthe
appendix.
RESULTSANDDISCUSSION
The
the
the
assignedto UT/~1)
Thecasesforwhichsolutionswereobt&d aregivenintable1.
parameterswhicharevariedare:
(1)Theshapeofthestress-straincurve,whichis determinedby
valueof n assignedtotheRamberg-Osgoodeqyation
(2)Theslendernessratioofthecolumn,whichisdeterminedby
/Vd.UeassignedtO ~E Cl (whichiS,inturn,definedby thevslue
(3)me Mtfd out-of-straightness,whichisdeterminedfrmnthe
valueoftheMmensionlessparametere
(4)Thedynamic-buddingindex Q,whichis inverselyproportional
tothesquareofthevelocityatwhichtheendsofthecolumnapproach
eachother.
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An explanationfthemeaningofthedynamic-bucklingdexQ can
be hadby realizingthatwhena particularcolumnisbeingloaded,the
enddisplacementwillreacha valueeqti to EEL ina timeeqti to
thatrequiredforanidenticalumloadedcolumntoundergoa natural
tibrationof ~/2Yt cycles.Therefore,!2istheparsmeterwhichcan
be variedto correspondtovariousratesofenddisplacement.Table2
indicatestheapproximaterangeofthevelocitiesemployed.
TheMmensionlessparameterT (eq.(14))maybe consideredtobe ~
a shorteningparsmeter,astheproductti istheemountof shortening
thatoccursintime t. Withtheexceptionoffigure2,theresultsare
presentedasplotsofloadagainstlateraldeflectionor shortening.
Plotsofwensionlesslateraldeflectionagainstdimensionless
shorteningaregiveninfigure2 for n = 10 and e = 0.01.Thecurves
resultfrcmthedynamicsolutions,andthesymbolsinthisfigurerep-
resentpointsintheneighborhoodfthemsMmumloadobtainedfromthe
staticsolution.At thehighervelocities(smallvaluesof 0),fora
givensmountofshortening,thelateraldeflectionis considerably
smallerthanthatobtainedfromthestaticsolution.Thus,inthe
dynmicsolutions,moreshorteninginitiallyresultsfrmnaxialcom-
pressionthanfrombending,andthelateraldeflectionsinitiallylag
behindthoseobtainedfrrnnthestaticsolution.However,astimepro-
gressesit ispossibleforthelateraldeflectionobtainedforsllrates
ofenddisplacementto overshootthatobtainedfromthestaticsolution.
For Q = 106, thelateraldeflectionsfromthedynsmicsolutionoscillate
aboutthoseobtainedfromthestaticsolution.Theoscillationsareso
smallthatit isdifficultandimpracticalto showthem. Forsllprac-
ticalpurposes,thecurvefor 0 = 106 coincideswiththatobtained
fromthestaticsolution,andtheeffectsofinertiaforcesarenegligible.
Figure3 presentsthevariationofloadwithlateraldeflectionfor
thecasesgiveninfigure2. Thesymbolsinthisfigureandsubsequent
onesrepresentpointsintheneighborhoodfthemaxhmmloadobtained
fromthestaticsolutionsgiveninreference3. Itistobe notedthat
maximumloadsarenotindicatedfor Q = 1,10,and102. Forthese
casesthe solutionswereterminatedwhenstrainsbecameapproximately
equalto 2 percent.Excessivedeformationratherthanmaxhumloadis
believedtobe thegoverningcriterionforcasesinthisrangeof
velocities.
Infigure4,loadisplottedagainstshortening.Thematerial
stress-straincurveisalsoshownand,aswouldbe expected,serves
astheupperlimit.However,itisimportanttorealizethatatthe
highervelocitiesthematerialstress-straincurvemaybe altered.In
thepresentpaper,therateofenddisplacementisassumedtohaveno
influenceontheshapeofthestress-straincurve.
NACATN 3077 I-1
In orderto investigateheeffectofinitialout-of-straightness,
a @?oVl?of SOhJ.tiOmwasmadefora givenrateofenddisplacementand
variousvaluesofinitialcurvature.Thesolidcurvesoffigures5
and6 arethesesolutionsandthedashedcurvesarethecorresponding
staticsolutions.Aswouldbeexpected,thelargestvaluesofload
overshootareassociatedwiththesmallestinitialout-of-straightness-
a situationsimilartothatwhichexistsforstaticloading;namely,the
smallesteccentricitiespermitthecolumntobearthelargestloads.
However,itisapparenthatinitialcurvatures,particularlythesmall
out-of-straightness,havemoreeffectonthemaximumloadfordynsmic
loadingthanforstaticloading.(Thestaticmaximumloadfor e = O
ispracticallycoincidentwiththatfor e = 0.00001.)
Figure7 showstheresultsof solutionsforcolumnsofdifferent
lengthsandofa givenmaterial,initialout-of-straightness,andrate
ofenddisplacement.Forcompari.sonpurposesthetangent+nodulusoad
andstaticma.ximmloadareshown.Thestaticurveswereobtained
fromreference3. A staticcurveisnotgivenfor
‘T/”l@ ‘T/pi)
equalto1.1because,asa resultofccmrputationaldifficulties,this
casewasnotconsideredinreference3. FTomtheseplotsitisevident
thatthetangent-modulusoadmayinsmneinstances,dependingonthe
colmnproportions,material,andinitialout-of-straightness,be an
unconservativeapproximationtothema?dmum
-C load. Forthecase
shown,thetamgent-modulusoadisa betterapprox5ma.tionforthedynsmic
msximumloadthanforthestaticnwdmumload.
Figures8 and9 showsolutionsfora differentmaterisl(n= 2).
A comparisonfthesefigureswithfigures3 and4 revealsthat,fora
givenrateofenddisplacement,thepercentageincreaseinmadmumload
abovethatpredictedby thestaticanalysisisgreaterforthematerial
havinga morerapidlycurvingstress-straincurve (n= 10). Theload
overshmtfor Q = 102 is,inthegivencase,appro-tely 32percent.
Consideringthefactthattheinitialout-of-straightnessisrather
lsrge,itis obviousthatfor n = 2 thedynsmicmaximumloadsfor
thesmallervaluesofinitialout-of-straightnessmsybe considerably
lager thanthestaticmaximumload.However,thestaticmadmanload
is stillontheconservativesideofthedynamic~um load.
CONCLUDINGREMATKS
Thesolutionspresentedindicatethatastherateofenddisplace-
mentbecomesmallerthedynamicbucklingsolutionsapproachthestatic
solutionasa lowerLimit.Theupperlimitfordynsmicbuc~g is,as
wouldbe expected,thematerialstress-straincurve,whichmaybe altered
by therateofloading.Theeffectsofinertiaforcesareapparently
—— —— .—— .
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negligibleatratesofenddisplacementcomparabletothosenormally
usedin static olumntests.l?romtheresultsobtainedit canbe con-
cludedthatthestaticmsximumloadmaybe employedas a conservative
estimateofthemsxhumloadofa column,regardlessoftherateof
enddisplacement.
LangleyAeronauticalL boratoryj
NationalAdtisoryCmmnitteeforAeronautics,
M@.eylj’ield,Vs.,December29, 1953.
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AIVENDIX
NUMERICALSOLUTION
Thenonlinearnatureofthe&Lfferentialequationoflateralcolumn
motionmakesitnecessaryto resort o a numericalsolution.Thesolu-
tionisfacilitatedby thefactthattheequationofmotiondoesnot
containthevelocityofhteraldeflection;onlythedeflectionand
accelerationareinvolved.By approxhatingtheaccelerationwithan
interpolationformulandintegratingtwice,a recursionformulafor
forwardintegrationcanbe obtained.Oncethetypeofintegratingfor-
mulahasbeendecidedupon,itisnecessaryonlyto obtainthereqtied
initialvaluesandto choosetheintervalsize. Inthesectionsthat
follow,eachoftheaforementioneditemswillbe discussedin detail.
RecursionFormulasforForwsrdIntegration
men f iSk120WU,thestrainsCL and CR canbe foundby sub-
stitutingf andthecorrespondingvalueof T intoeqpations(16).
ThestressesaL and UR canthenbe determinedbywing thestress-
strainrelation(3)orrelations(3)and(4). Ifthestressesthatexist
at f sreknown,f“ canbe computedfrcmequation(19).Equation(19)
&y thereforebewritteninfunctionalnotationas
f“ = g(f,T)
sudcanbe integratedby useofthefollowing
fr+l= 2fr- (fr-l+ (AT)2f“r+
(Al)
recursionformda(ref.8):
& @,+”r-1) (A2)
However,asthefollowingdiagonal-difference
A2f”r~ is a functionof f“r+l andis therefore
f“r+l;whichiS,inturn,dependenton fr+l (eq.
found.
tableindicates,
indeterminateuntil
(Al),hPSbeen
.
-.—. — ——— —. —
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DIAGONAL—DEFERENC TABLE
T f f“ Af” ~+l!
(r- 2)AT fr-2 fur-2
M“r p
(r- l)AT fr-l f“r_l A%”r *
Af’’r-~
(r)AT fr f“r A2f1:r-1
Af“r
(r+ l)AT fr+l f“r+l
An appro-te solution(ref.8)whichdoesnotrequireA2f’’r-1
isthefollowing:
fr+l= 2fr- kfr-l+ (AT)2“r+ & A?f’’r-2) (A3)
Withtheappro-te valueof fr+l givenbyequation(A3),anapproxi-
matevalueof A%’’r-lmaybe found.Equation(A2)isthenusedto
correctandchecktheapproximatevalueof fr+l foundby equation(A3).
Thesuggestioni reference8 thattheintervalAT be chosensuffi-
cientlysmsU.sothatthereislittlechangeinthevaluesof
‘r+l
ob~ed fromthesetwoequationsisfoUowedinthepresentpaper.
lMtialValues
Asbendingofthecolumnprogresses,thestrainintheconvexflange
eventuallyreachesa maximum~d reverses.Whenreversaloccurs,it is
necessaryto changethestress-strainrelationfortheconvexflange
whichunloadselastically.Chang@ thestress-strainrelationalters
theformof g(f,T);thus,theproblemaybe consideredas consisting
.
.
.
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oftwoparts,(1)prereversal
threeinitialvaluesinorder
15
nd(2)postreversal,bothofwhichrequire
to starttherecurrenceprocess.
Prereversal.- Thereqtiredinitialvaluesfortheprereversalphase
canbe determinedby expandingthedimensionlesslateraldeflectionin a
Taylor’seriesaboutT = O, subjecto theassumedinitialcond3.-
tiom (l). TheratiosofthemoduliESL/E and ESR/Ewhichappem
ineqution(21.)areimplicitfunctionsof f andthereforedifferen-
tiationoftheequationisimpractical<However,duringtheinitial.
stageofloadingthevaluesoftheseratiosoftenmaybe assumedtobe
constantandequaltoumity.Suchanassumptionpermitsdifferentiation
of equation(21)inorderthatthehigher-orderderivativesinvolvedin
theTsylor’seriesmaybe found.TM followingrelationobtainedfrom
theseriesexpansionandtheassumedinitialconditionsprovidesthe
requiredinitialvaluesof f:
fn=e+ efl (nA~)3
(1)
3 3: -
‘E ‘1
Forthosestress-straincurves
region(forexsmple,n = 2 inthe
—
eQ2(2+ e2) (~&-)5 ~ . .
5 5!
.
(1)
(A4)
2 CE61
whichhavea small,orno,elastic
Ramberg-Osgocdstress-straincurve
representation),theassumptionthattheratiosofthemoduliareunity
is,ofcourse,notvalid.Nevertheless,theinitialvaluesof f
obtainedfromequation(A4)msybe usedasthefirsttrialvaluesfor
aniterationprocedure.An iterationexpressioncanbe derivedby
assmingthata second-degreeparabolais sufficientlyaccurateto
describef“ intheneighborhoodf T = O. htegrationoftheparab-
olayieldsthefollowingexpressionfor f intermsof f“:
fn=g
[ (
(n- 2)f”2+ 2(4- n)f”~+ n - H6+~f”o (AT)2+~~oAT+f0
(n= O,1, 2) (A5)
Thetrislvaluesof f obtainedfrcmtheseriesexpansionme sub-
stitutedintoeqpation(Al)tofindthecorrespondingtrialvalues
of f“,whicharethensubstitutedintoequation(A5)toyieldbetter
valuesof f. Theprocedureisrepeateduntilthevaluesof f converge.
Postrwerssl.-Aswaspreciouslymentioned,theintegrationprocess
mustbe startedanewatthepointwherestrainreversaloccurs.The
,
——.— ———
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valuesof f, f‘,and f“ at Trev mustbe determinedfortheyare
usedasinitialconditionsforthenewintegrationproblem.Strain
reversalwillgenerallyoccurat somevalueof T whichisnOta mul-
tipleof AT, and,therefore,thepointatwhichreversaloccursmust
be locatednumericallyorgraphically.Thereq-dredinitialvalues
of f and f“ arefoundby thefollowingprocedure:
and Tr.v numericalIQorgraphictiyfrom
T.
by using equation(16b).
3. W USQ the ~~ tiue of frev,SOlveequation(Al)for f“rev.
~uch asthevelocityf‘ oflateraldeflectiondoesnotappear
inthesolution,it ismoredifficulttofind f’rev.An appro-tion
to f’rev caube obtainedas follows:
J‘=revf’rev= f’s+ f“dTT=a (A6)
where a is somevalueof T inthepreremrsalphaseoftheproblem.
By assumingthat
equation(A6)canbewrittenas
J(AT)f’rev= (M)a+AT ‘-rev f“dTT=a
(A7)
(M)
ThefirstdifferencesAP whichsreusedinthesolutionareplotted
atthemidpointsoftheintervals.Theq~tity (A~)f’reviSevaluated
by numericallyintegratingthe f“ valuesbetweenthelastmidinter-
vslpointbeforereversal(T= a) and Trev,andaddingtheresult o
thevalueof M atthatlsstmidintervalpoint.Ihthepresentcase,
.
.
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the error involvedin the first-order approximation,
small,s.ndtheuseoftheapproximationistherefore
errorsintheterm (AT)f’rev andtheVal.UeSof f
17
equation(A7),is
justified.The
calculatedfrom
equation(A>)are,ofcourse,muchsmsillerthsntheerrorinequation(A7).
Ihadditionto the initial conditions,twoadditionalsets of f
and f“ arereqyiredto restartheintegration.Theseareobtained
by usingequation(A5)andtheassociatediterationprocedure.The
firsttrialvsluesinthiscaseareobtainedby interpolatingthepre-
reversalsolution,whichwaaextendeda fewincrementsin T beyond
thepointatwhichreversaloccurred.
IntervalofArgument
InthepresentpapertheintervalAT hasbeenselectedtopro-
videa minimumof10intervalsperperiodofthefirstnaturalfre-
quencyintransversebending.Forthefasterload$ngrates,inwhich
casesthereisonlya fractionofa periodofoscillationbeforethe
msxhumloadisreachedorbeforethestrainsbecmneprohibitively
large,asmanyas600intervalsperperiodofnaturalfreqmncywere
used.
— —— — —. —
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Case
1
2
3
4
5
6
7
8
9
10
l-l
12
13
14
15
16
17
TAJ3LEl.- CASESOFDYNAMICOLUMNBUCKLING
FORWHICHSOLUTIONSWEREOBTAINED
10
10
10
10
10
10
1.0
1.0
1.0
1.0
1.0
1.0
10
10
10
10
10
10
10
1.0
1.0
1.0
l.l
.9
.8
-L2 1.02 1.02 1.02 1.0
5.2857 I 0.01 I 1 I 0.05
5.2857 .01 10 .05
5.2857 .01 102 .05
5.2857 I .01 I 103 I .01
5.2857 .01 ~04 .025
5.2857 .01 ~06 .003
5.2857
5.2857
5.2857
12.2160
2.3943
1.2602
.82u
-1-.00001 104.0001 ~04.001 ~04
.01 104
.01 ~04
.01 ~04
.01 ~04
.025
.025
.025
.05
.01
.005
.(M5
I-.8571
I..8571
1.8571
1.8571
.01 ~02
.01 103
.01 ~04
.01 ~06
.05
.025
.01
.(X)15
——.—.
—-——. .. . .——._ —.
————-.
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TmLE 2.- RANGEOFVELOCITIESMPLOYED
[Forvelocityofcompression-wavepropagation
r
E
—=
m 16,7k0ft/secand ~ . 5$.3
Velocity
Q
in./tinft/sec (a)
1 8.14 5861.0
10 2.57 1855.0
102
.814 586.1
103
.257 185.5
~04
.0814 58.61
l&’ .0257 18.55
~06
.00814 5.861
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Figure 3.-Variation ofload with E&al deflection for initially curved
idealized H-section columns with variouE rates of end dlsplacemnt. n . 10.
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Figure 7.- Variation of load with lateral deflection for
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